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Methionine synthases catalyze the formation of methionine by the transfer of a methyl group from 
5-methyltetrahydrofolate to homocysteine. This reaction is the last step in L-methionine biosynthesis, and 
it also serves to regenerate the methyl group of ^-adenosyknethionine, a cofactor required for biological 
methylation reactions. We describe the cloning, expression and characterization of a methionine synthase 
from the higher plant Catharanthus roseus. cDNAs were identified that Encoded a protein of 85 kDa 
sharing 50% identity with the cobalamin-independent methionine synthase from Escherichia coli (MetE) 
and 41 % identity with a partial sequence of a yeast homolog of MetE. The C roseus protein was ex- 
pressed at high levels in E. coli. The enzyme accepts the triglutamate form of methyltetrahydrofolate as 
a methyl donor but not the monoglutamate form, and it does not require 5-adenosylinethionine or coba- 
lamin for activity. The properties indicate that the enzyme is a cobalamin-independent methionine syn- 
thase (EC 2.1.1.14). In contrast to the E, coli MetE, the plant protein does not require phosphate or 
magnesium ions for activity, Immunoblots of plant extracts showed that the protein- was localized in the 
cytosol, and was present in a variety of plant species. A nutritional downshift of the C. roseus cell culture 
revealed a strong, transient transcriptional activation, but no significant increment in the total level of the 
protein. The availability of the protein and the cDNA now provide tools to investigate the complexities 
of methionine biosynthesis in plants. 
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are well characterized [2] (and references cited therein). The 
other type of enzyme is cobalamin-independent, and the proto- 
type is the metE gene product from E. coli (EC 2.1.1.14). MetE- 
type enzymes are found in organisms that do not synthesize vita- 
min Bi2 and do not obtain it from the environment (plants, fungi, 
and some bacteria). A few bacteria, e.g. E. coli, contain both 
types. MetE and MetH from E. coli have been cloned [3, 4], 
sequenced [5, 6], and extensively studied [7-9]. these two en- 
zymes share no sequence similarity [6]. 

Methionine synthase enzymes from plants are not well char- 
acterized, and the available data were obtained with partially 
purified enzymes (reviewed in [10, 11]). They are cobalamin- 
independent (MetE-type) enzymes that use methyltetra- 
hydrofolate polyglutamates as methyl donors but, in contrast to 
MetE, have been reported to show significant activity with the 
monoglutamate of methyltetrahydrofolate (CH3-H4PteGlu,) as 
methyl donor. This could reflect the presence of several en- 
zymes, consistent with the detection of activities not only in the 
cytosol, but also in mitochondria [12] and plastids [13]. How- 
ever, the presence of these enzymes in plastids and mitochondria 
has been disputed [14]. 

We now describe the first cloning and expression of a cobal- 
amin-independent methionine synthase from a higher plant, Ca- 
tharanthus roseus. The protein has significant similarities with 
MetE from E. coli, but some properties are distinctly different. 
Immunoblots with plant extracts indicate that it is located in the 
cytoplasm, and closely related proteins are present in all plants 



% Methionine synthase enzymes catalyze the methylation of L- 
:^homocysteine to form methionine. The enzymes are required in 
organisms for the regeneration of the methyl group of 5"- 
j|denosyl-L-methionine (AdoMet), a compound that serves as the 
|nethyl donor for a large number of biological methylations 
|{Fig. 1). The conversion of homocysteine to methionine also 
|eonstitutes the last step in methionine biosynthesis in organisms 
^|hat are capable of the de novo biosynthesis of this amino acid. 
1^ There are two types of methionine synthase that use methyl- 
^trahydrofolate as the methyl donor (reviewed in [1]). One type 
|requires cobalamin (vitamin B 12) as a cofactor, and the prototype 
p the metH gene prodiict from Escherichia coli (EC 2.1,1.13). 
^petH-type enzymes are present in organisms that either synthe- 
iize vitamin B12 (some bacteria) or obtain it from intestinal flora 
diet (animals and some enteric bacteria like E. coli). The en- 
^mes fro m animals have not yet been cloned, but the activities 

M.* Correspondence to J. Schroder, Universitat Freiburg, Institut fiir Bio- 
pgie n, Schanzlestr. 1, D-79104 Freiburg, Germany 
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Abbreviations. AdoMet, 5-adenosyl-L-methionine ; (dS^-CHj- 
^PteGlu„, 5-methyltetrahydropteroylglutamate with n glutamyl resi- 
dues ; MetE, cobalamin-independent L-methionine synthase ; MetH, co- 
^^amin-dependent L-methionine synthase. 

^^^ Enzymes. Cobalamin-independent L-methionine synthase (EC 
Srf:1.14); cobalamin-dependent L-methionine synthase (EC 2.1.1.13). 
^^ Note. The novel nucleotide sequence data reported here have been 
^imitted to the GenBank™/EMBL Data Bank and are available under 
^paiccession number X83499. 
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Fig. 1. Overview of the role of methionine synthase in the AdoMet- 
dependent cycle of biological methylation and in the de novo biosyn- 
thesis of methionine. Abbreviations are: MetSyn, methionine synthase; 
SAH, 5-adenosyl-L-homocysteine. 



tested. When C. roseus cell cultxires are shifted from a rich cul- 
ture medium containing auxin (MX medium) to aqueous 8% 
sucrose, the accompanying nutritional downshift and withdrawal 
of auxin results in transiently increased levels of messenger 
RNA coding for MetE, as estimated by Northern blotting, but 
not in significant increases in the total level of methionine syn- 
thase protein. 



MATERIALS AND METHODS 

Plant material. The cell suspension culture of Madagascar 
periwinkle {Catharanthus roseus L. G. Don, line CP3a), its 
maintenance on MX growth medium, the induction of messen- 
ger RNA synthesis by transfer into an aqueous 8 % sucrose solu- 
tion, and the procedure for cell fractionation have been described 
[15, 16]. The ceil cultures for Glycine max (soybean), Ammi 
majus (Bishop's weed), Petroselinum crispum (parsley), Dian- 
thus caryophyllus (carnation), and Vitis vinifera (grape) were 
from the laboratory collection or from U. Matem and J. Ebel at 
the University of Freiburg. The proteins from Pinus sylvestris 
(Scots pine) were extracted from 3-week-old seedlings. Methods 
for cell suspension culture of black Mexican sweet maize have 
been described previously [17]. The proteins were extracted 
using the protocol described in [16], and the supernatant of a 
30 000 centrifugation for 15 min was used for the analysis. 
Chlamydomonas reinhardtii (strain CW15) was from the collec- 
tion of U. Johanningmeier (University of Freiburg) and the pro- 
teins extracted in the presence of sodium dodecyl sulfate [18] 
were analyzed. 

Antiserum and immunoblots. A cDNA fragment encoding 
the C-terminal 35 kDa of the C. roseus MetE homolog was fused 
in-frame with the sequence encoding the 42-kDa maltose-bind- 
ing protein in vector pMal-c2 [19] to form plasmid pMal/Cros- 
{metE). The fusion protein (77 kDa) was purified by affinity 
chromatography on an amylose resin column and directly used 
for immunization of mice. The cloning and purification pro- 
cedures followed the protocol provided by the manufacturer 
(New England Biolabs). Antiserum against the maltose-binding 
protein (New England Biolabs) did not react with proteins in the 
plant extracts. The proteins for immunoblots were separated in 
gels containing 0.1% sodium dodecyl sulfate and 10% poly- 
acrylamide. After protein transfer to nitrocellulose sheets, the 
immunoreactions [15] were performed witii a secondary anti- 
body coupled with alkaline phosphatase (Sigma Biochemicals). 

RNA isolation, cDNA libraries, and screening pro- 
cedures. Poly(A)-rich RNA was isolated from C. roseus cell 
cultures induced for 7.5 h by a change from MX medium to 
8 % sucrose [15]. The cDNA Library was constructed using 5 ^ig 



poly(A)-rich RNA and cDNA synthesis kits from Amershai 
(cDNA Synthesis System Plus, no. RPN1256Y) and Pharmax; 
LKB Biotechnology (You-Prime cDNA Synthesis Kit no. 2 
9273-01). After addition of EcdRUNotl adaptors (Pharmac 
LKB Biotechnology), the cDNAs were ligated to Ecd^-i 
gested phage lambda NM1149 [20] and packaged with a 1 
from Amersham (Lambda in vitro Packaging Kit no. N334I 
The phage and the screening techniques have been describ 
[15, 21]. 

DNA sequence analysis. DN A . sequences were obtain 
with the dideoxy nucleotide chain-termination technique usi 
vectors, phages, and the detailed methods described in [15]. T 
largest cDNA was sequenced on both strands, while only part 
sequences were determined for the smaller cDNAs in order 
locate the overlap with the larger cDNA. The pTZ18R a 
pTZ19R vector systems and helper phage M13K07 were e 
ployed to obtain single- stranded DNA in E. coll strain JMl 
(all from Pharmacia LKB Biotechnology) from the cDNAs a 
subcloned fragments,- and the reverse sequencing primer (Bot 
ringer Mannheim) or custom-synthesized oligonucleotides w( 
used for die sequence analysis. The DNA polymerization re; 
tions were performed with (adenosine 5'-l-[^^S]thio)triphosph 
[^^S]dAdoP[S]PP, (37 TBq/nunol, Amersham) and modified 
DNA polymerase (Sequenase, United States. Biochemi 
Corp.). TBLASTN [22] was used for similarity searches in 
databases. 

Protein expression in Escherichia coll. E. coli MetE: 
construction of plasmid pRSE562, containing the metE and m< 
genes [23], and expression of these genes in E, coli str 
DH5aF' have been described [6]. C. roseus MetE: the oligoi 
cleotide 5'-GGGAAG CCATGG TTCTTTAGG-3' was used 
introduce an Ncol site at the deduced start ATG (mutated ba 
bold and underlined). The mutagenesis was performed on sin| 
stranded DNA obtained witii helper phage M13K07 in £. i 
strain RZ1032 [24] and verified by DNA sequence analysis. 1 
complete coding region plus 3' non-translated sequences w 
then excised and inserted into the Ncol site of the express 
vector pQE-6 [25], retaining the optimal promotor-translati 
start configuration at the Ncol site of the vector. The plasi 
pQE/Cros(mer£"^) was maintained in E, coli strain M15[pRe 
[25] grown in Luria-Bertani medium (1 % Bacto tryptone, 0.: 
Bacto yeast extract, 0.5% NaCl, 0.2% glycerol, 0.02% Mgf 
pH 7.5), and protein expression was induced by 2 mM isopro 
a-D-thiogalactopyranoside for 3 h at 28 °C. Coomassie-bl 
stained polyacrylamide gels revealed a dominant band of 
expected size (85 kDa) that represented up to 40% of the t 
protein. It was absent in control extracts from cells contain 
vector pQE-6 in E. coli M15[pRep4]. 

Enzyme assays. The cell extracts were prepared by a m( 
fication of the previously described procedure [6]. Cells of sti 
DH5aF' containing plasmid pRSE562 (metE^) were growr 
50 ml Luria-Bertani broth witii 100 ^ig/ml ampicillin to an 
proximate total A420 of 3. Cells of strain M15[pRep4] contair 
plasmid pQE/Cros(mef£"') coding for the plant homolog v 
grown in the same medium, supplemented with 100 ^g/ml an 
cillin and 25 |ig/ml kanamycin, to an approximate A420 of 0.. 
which point isopropyl a-D-thiogalactopyranoside was added 
final concentration of 2 mM, and the incubation was contin 
at 28 °C for approximately 3 h. The cells were collected by c 
trifugation, washed and resuspended in 0.5 ml 50 mM Tris/] 
pH7.2 and sonicated. Supematants were collected afte 
20-min centrifugation at 15 000 and used for enzyme acti 
determinations. Most assays were performed witii unlabe 
(65)-CH3-H4PteGlu3, and tiie demetiiylation product (H^PteG 
was quantified by measuring die metiienyl-H4PteGlu3 formec 
treatment with formic acid [11], as modified by J. T. Drumm 
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and R. G. Matthews (unpublished work). The standard incuba- 
vtions (0.4 ml, duphcates) contained 50 mM Tris/HCl pH7.2, 
10 mM potassium phosphate pH 7.2, 0.1 mM MgS04, 10 mM 
dithiothreitol, 66 jiM (6iS^-CH3-H4PteGlu3, prepared as described 
[26], and enzyme (4-47 and 30-40 \ig protein from E. coli 
extracts containing the C. roseus or the E. coli MetE, respective- 
ly). After equilibration for 2 min at 37 °C, the reactions were 
initiated by addition of L-homocysteine (final concentration 
2 mM). They were stopped after 5 min at 37 °C by mixing with 
0.1 ml 5 M HCl/60% formic acid. The tubes were heated for 
14 min at 84 °C, allowed to return to room temperature, and 
centrifuged for 5 min at 16000Xg in an Eppendorf microfuge 
to pellet the precipitated proteins. The absorbance at 350 nm 
(absorption coefficient 26500 M"^ cm"^ for methenyl- 
KUPteGlUs [27]) in the supematants was determined, and the 
blank was subtracted (L-homocysteine added after stop of the 
reaction). The extracts with E, coli MetE (1.8 mg protein/ml) 
and the C. roseus MetE homolog (0.9 mg protein/ml) revealed 
specific enzyme activities of 0.1-0.3 and 1 — 1.5 nkat/mg, re- 
spectively. (65)-CH3-H4PteGlu3 concentrations of 10-340 |aM 
were used in the K^^ determinations, and samples taken at 1, 
2.5, 4, 5, and 10 min to ensure linearity with respect to product 
formation. Some assays were performed with (65)-5-"*CH3- 
H4PteGlu3 (0.842 mM; 22 000 dpm/nmol) or (65)-5-^^CH3- 
RtPteGlUi (0.325 mM; 1300 dpm/nmol) as described previously 
[6]; this assay quantifies the radioactive methionine formed in 
the reactions. 

Standard molecular biology techniques. The genomic 
Southern blots and the Northern blots were performed as de- 
scribed' [21]. 



RESULTS 



MetE homolog from C. roseus. The MetE homolog was iden- 
tified in a cDNA library from C roseus by polymerase chain 
reaction (PGR) screening using degenerate primers that had been 
synthesized for another purpose. A 470-bp sequence was iden- 
tified diat had 45% identity with the C-terminal region of the 
metE gene from E, coli. Our interest in the regulation and con- 
frol of one-carbon metabolism, and the complete absence of mo- 
lecular information on methionine synthase enzymes in plants, 
led us to pursue the finding. Further screening with the fragment 
identified seven cDNAs in the cDNA library, ranging in size 
oyer 0.9— 2.6 kbp. All contained sequences identical to the frag- 
ment and to each other, indicating that they were derived from 
pe same mRNA. The primer sequences were present in the 
gDNAs, indicating that the detection of the first fragment was 
not an accident. The cDNAs encoded a slightly acidic protein 
6.05) of 765 amino acids with a calculated mass of 
.84857 Da. No signal sequence or N-tenninal hydrophobic 
&ietch was recognizable, suggesting that the protein was located 
m the cytosol. Fig, 2 shows an alignment of the deduced amino 
;|cid sequence with the partially sequenced yeast MetE homolog, 
^ginally identified as a strong promoter sequence, dP8, in yeast 
^8]; which shows 41 % identity, and with MetE from coli [6, 
30], with 49.5% identity. No significant similarity with 
Icoli MetH/was detectable. The highly reactive Cys726 iden- 
ed as candidate for the location in the active site in E. coli 
[etE [6] was conserved in the plant protein and embedded in 
a2 -amino-acid motif identical in the two proteins (boxed in 

l|- 2). .;■ 

^^Hybridizations with genomic DNA were performed with the 
mplete cDNA as probe, under hybridization and washing con- 
ions which result in strong signals at more than 70% sequence 
ntity [31]. The small number of hybridizing bands and the 
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Fig. 2. Alignment of the deduced amino acid sequences for (a) methi- 
onine synthase from C. roseus, (b) E. coli MetE [6], and (c) the par- 
tial sequence of the MetE homolog from baker's yeast (Saccharo- 
myces cerevisiae) [28], The symbols used are : dashes, gaps for optimal 
alignment; dots, sequence identity; underlined, conservative exchanges. 
Shown in the box is a conserved 12-amino-acid motif containing the 
putative active site Cys726 of E. coli MetE [6]. 



small fragment sizes obtained with several restriction enzymes 
(Fig. 3) suggested that the C. roseus culture contained one, or at 
most a few, genes for this protein, but not a large gene fandly. 

Heterologous expression and comparison of enzyme proper- 
,ties with methionine synthase enzymes from E, colL The plant 
protein was expressed in coli to test the function predicted 
from the similarity to E. coli MetE, and to investigate the en- 
zyme properties. Extracts containing the plant protein had methi- 
onine synthase activity with CHg-KtPteGlug as methyl donor, 
but not with CHg-KJ^teGlUi, corresponding to the properties of 
E. coli MetE and the yeast homolog, but not to E. coli MetH, 
which accepts both methyl donors. Control E. coli extracts from 
strain M15[pRep4], which has a chromosomal metE gene but 
contains the vector plasmid pQE6 without the cloned plant 
DNA, had no significant activity because the bacterial MetE is 
repressed during growth in rich media containing methionine. 
MetH activity requires AdoMet and a reducing system that may 
be either cobalamin/thiol [8] or two flavoproteins plus NADPH 
[9]. The addition of AdoMet (19 \iM) and aquacobalamin 
(50 |iM) to the assay with the plant protein had no effect on the 
activity with CHa-lijPteGlus, and also did not lead to activity 
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Fig. 3. Genomic Southern blot with C roseus metE cDNA. Top : dia- 
gram of the 2.6-kbp cDNA with the positions of the restriction sites 
(distance in bp from the 5' end of the cDNA) for the enzymes used in 
the digestion of the genomic DNA. B, 5amHI; EV, Eco^\ H, //mdlll; 
P, Pstl. Bottom: genomic Southern blot using the complete cDNA as the 
probe. The restriction enzyme used to cleave the genomic DNA in each 
lane was: 1, EcdRL\ 2, EcoRV; 3, Hmdlll; 4, ^amHI; 5, Pstl. The weak- 
ness of the bands in lane 5 reflects a poor digestion of the plant DNA 
with Pstl. 
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Fig. 4. Comparison of the properties of the K coli MetE and C 
sens methionine synthase enzyme activities, (a) Assay of the enzy 
under the standard assay conditions described in Materials and Metht 
(b) dithiotiireitol omitted; (c) phosphate buffer omitted; (d) Mg 
omitted; (e) MnS04 added instead of MgS04; (f) 3 mM EDTA ad. 
divalent cations omitted. The experiments were performed with„(i 
CH3-H4pteGlu3 as methyl donor. The activities in the complete as: 
were 1.18 nkat/mg for the plant enzyme and 0.23 nkat/mg for the E, 
enzyme. The lower activity of the E. coli MetE reflects the repres, 
of this enzyme during growth in rich media containing methionine 
cause the native promoter is present in pRSE562. 



with CH3-H4PteGlUi. The results indicated that the cloned pro- 
tein was a cobalamin-independent methionine synthase of the 
MetE type. 

Like the bacterial protein, the plant enzyme was sensitive to 
the omission of thiols in the assay mixtuie (compare Fig. 4 a and 
b). E. coli MetE contains seven thiols, at least one of which is 
highly reactive [6], and thiols may be required to reduce disul- 
fide bonds and prevent inactivation during the enzyme assay. 
The further analysis revealed some interesting differences be- 
tween the plant enzyme and coli MetE (characterized in [7]). 
The bacterial enzyme requires phosphate in millimolar concen- 
trations, and omission of phosphate lead to a strong reduction of 
the activity (Fig. 4 c). However, omission of phosphate bliffer 
stimulated the plant MetE activity, suggesting that the phosphate 
concentration in the standard assay for E. coli MetE (10 niM) 
was inhibitory to the plant enzyme. The bacterial enzyme needs 
Mg^"^ for full activity, and replacing Mg^"^ by Mn^"^ leads to a 
decreased activity, but no such effect was observed with the 
plant protein (Fig. 4 e). The plant enzyme in fact required no 
addition of divalent cations for full activity (Fig. 4 d), and an 
excess of EDTA was necessary to reduce the activity to about 
35% of the control levels (Fig. 4f). The results indicated that 
the plant and the coli enzymes differed in their requirements 
for cations, although experiments with a highly purified plant 
protein would be necessary to determine whether these differ- 
ences are seen with purified enzymes . 

The of die plant enzyme for CH3-H4PteGlu3 was 28 ^M, 
a value higher than the 4.7 |iM figure obtained for E. coli MetE 
[7], but considerably lower than the 0.4 mM value reported for 
the yeast MetE homolog [1]. values from other plant en- 
zymes [11] were not available because kinetic experiments were 
performed only with CH3-H4PteGlUt, a methyl donor that was 
not accepted by the cloned C. roseus protein. The for L- 
homocysteine could only be estimated because the insensitivity 
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Fig. 5. Immunoblot for Met-E type methibnine synthases in C. roi 
and in other plants. 1, Catharanthus roseus (Madagascar periwint 
2, Glycine max (soybean); 3,Arnmi mayMJ. (Bishop's weed); 4, Petro. 
num crispum (parsley); 5, Diarithus caryophyllus (camatiori); 6, 
yinifera (grape); 7, Pinus sylvestris (Scots pine); 8, Zea mays (raai 
9, Chlamydomonas reinhardtii. Each slot contained 50 ^ig protein f 
a 30 000 supernatant of the corresponding extract. The size of th^ 
roseus protein, indicated on the left margin, is 85 kDa. 



of the available assay did not permit rehable determination 
very low substrate concentrations, but the data indicated a 
value of less than 10 jtM. The for homocysteine of the yt 
enzyme was reported to be higher (22 |iM) [1]. 

The cloned plant methionine synthase is a soluble proi 
and ubiquitous in plants. Immunoblots with C. roseus extr; 
revealed a single protein band of 85 kDa (Fig. 5, lane 1), a ; 
corresponding to the molecular ..mass deduced from the 
quence; the same size- was obtained with the protein expres 
from the deduced start ATG in E, coli (Fig..-6A, lane b, at 
right). It was detected only in die soluble protein fraci 
(lOOOOOXg supernatant), arid ho immunoreactive. proteins \^ 
present in die fractions. containing membranes or organelles. ' 
results indicated that die 'protein was cytosolic, in agreen 
with the lack of a signal peptide or an N-temjinal hydxophc 
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Fig. 6. Patterns of expression of MetE protein (A) and metE tran- 
script (B) in C. roseus cell cultures after transfer of a 7-day-old cul- 
ture from MX medium to a solution of aqueous 8 % sucrose. The 

numbers indicate hours after the medium change. (A) Immunoblots with 
the antiserum to the C. roseus MetE homolog. Each slot contained 50 
|ig plant* protein extract from a SOOOOX^ supernatant of cells collected 
from the culture at the indicated time. The lanes a and b on the right of 
the figure show immunoblots of 10 ^ig protein from E. coli cell extracts: 
(a) control strain M15[pRep4] containing vector pQE-6; (b) strain 
M15[pRep41 containing plasmid pQE/Cros(mer£"^). The position of the 
85-kDa MetE homolog is indicated on the right. (B) Northern blots 
(10 \ig total RNA/slot). The position corresponding to the 2.6-kb tran- 
script is. indicated at the right. 



Stretch in the protein sequence. Experiments with other plants, 
including gymnosperms and monocots, showed that all con- 
tained cross-reacting proteins of comparable size. The proteins 
in soybean and carnation were slightly smaller than in C roseus 
(Fig. 5, lane 2 and 5). Doublets representing both size forms 
were detected in Bishop's weed and parsley (lanes 3 and 4). No 
immunoreactive protein was detected in Chlamydomonas rein- 
hardtii (lane 9) in these experiments. 

Stress-induced transient increase of transcription. The regu- 
lation of MetE expression was investigated with C. roseus cell 
cultures under stress conditions caused by transfer of the cells 
from the standard MX growth medium to a solution of aqueous 
8% sucrose (Fig. 6). Such a transfer leads to deprivation of ni- 
trogenous compounds in the medium, an increased concentration 
of the sucrose carbon source, and deprivation of the auxin 
growth hormone present in MX medium (2,4-dichlorophenoxy- 
acetic acid). After the shift, the transcript analysis (Fig. 6B) re- 
vealed the induction of an RNA corresponding to the size of the 
largest cDNA in the library (2.6 kbp), indicating that the cDNA 
;was either full-length or very close to it. Fig. 6 B also shows that 
tihe amount of the 2.6-kb RNA was very low in non-induced 
cells, and that it was induced strongly 4— 8 h after the change 
of the medium, and declined thereafter. The immunoblots for 
the protein, however, revealed no significant change in the 
amount of immunodecorated protein during the induction period 
|Fig. 6A). The significance of this finding is not clear at present, 
^but one possible explanation could be that the regulation of pro- 
tein expression is under independent control. The same pheno- 
menon was observed with the two other enzymes involved in 
^Ihe regeneration of active methyl groups (AdoMet synthetase 
Sid 5-adenosyl-L-homocysteine hydrolase; J. E., unpublished 
;!iata). . 

% ■' 

MSCUSSION 

To the best of our knowledge, this is the furst report of the 
lolecular characterization of a plant methionine synthase and 



of its functional identification by heterologous expression. The 
C. roseus enzyme shared sequence similarities and properties 
with E. coli MetE [e.g. cobalamin independence and a require- 
ment for polyglutaraate forms of (6iS)-CH3-H4folate], but there 
were also interesting differences (e.g. the lack of a requirement 
for added phosphate and magnesium ions for the activity of the 
plant enzyme). The yeast MetE homolog was also Mg^'^'-inde- 
pendent and inactive with (65)-CH3-H4PteGlUi, but required 
phosphate like E. coli MetE [1]. The significance with respect 
to function or regulation of the enzyme activity in vivo remains 
to be investigated. 

Plants synthesize L-homocysteine de novo, and therefore me- 
thionine synthases are used for both methionine biosynthesis and 
regeneration of the methyl group, with estimates that ^75% of 
the amino acid synthesized is used to provide methyl groups for 
the multitude of methylation reactions in plants [32, 33]. It is 
difficult to estimate at present whether the cloned protein serves 
in both pathways or whether different isozymes are used for 
biosynthesis and for remethylation of homocysteine. In contrast 
to the protein cloned from C. roseus, partially purified prepara- 
tions from other plants were reported to have significant activity 
with CH3-H4PteGlUi (15% of the activity witii CH3-H4PteGIu3) 
[34]. Although it cannot be rigorously excluded at present that 
the substrate requirements in tiie plant preparations were influ- 
enced by factors absent in the E, coli extracts, the difference 
suggests that other methyltetrahydrofolate-dependent methio- 
nine synthases may be present in some plants. The presence of 
two (or more) enzymes could also explain the reported depen- 
dence on Mg^"^ and phosphate observed with CH3-H4PteGlUi as 
substrate (reviewed in [11]); future experiments will adress the 
question whether methionine synthase activities with these prop- 
erties are present in C. roseus. The presence of protein doublets 
in some plants (Fig. 5) suggests isozymes and these may differ 
in their properties. These possibilities can be resolved only after 
separation and complete purification of any isozymes. 

The complexity of methionine formation in plants is also 
evident from the presence of three other enzymes that synthesize 
methionine from L-homocysteine. However, these enzymes uti- 
Uze other methyl donors (AdoMet, 5-methylmethionine, or 
methylthioadenosine) that are derived from methionine in the 
first place, and therefore these reactions do not represent net 
biosynthesis of the amino acid [11]. The protein described in the 
present work is different, and the availability of cloned se- 
quences provides a tool to unravel the complexities of de novo 
synthesis of methionine in plants. 
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